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(57) Abstract: The present invention provides improved methods for ID delivery of drugs and other substances to humans or ani- 
maJs. The methods empioy small gauge needles, especially microneedles, piaced in the iniradermai ipacs to deliver the substance 
10 "Jie intradermal space as a bolus or by infusion. It has been discovered that the placement or the needle oudet within the skin and 
:he exposed height oc the needle outlet are cridcal tor eiScacious delivery of active substances '.ia small gauge aeedles to prevent 
leakage of the substance out of ihe sldn and to improve absorption '^aihin the intradermai soace. The pharmacoidneiics of hormone 
drjgs delivered according :o the methods of the invention have been found to be very similar U) ie phannaco tone tics of convendonal 
SC delivery, indicating chat ED administration according to the methods of the invention is likely to produce a similar clinical result 
li.e.. similar efficacy) with the advantage of reducrion or elirai nation of pain for the patient. Delivery devices which place the needle 
oudet at an appropriate depth in the intradermal space and coniroi the volume and rate of fluid delivery provide accurate delivery of 
the substance to trie desired location without leakage. 
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FOR INTRADERMAL DELIVERY OF STJBSTANCSS HAVING PENETRATION LIMITING MEANS 

FIELD OF THE INVENnON 

5 Tne present invention relates to methods and devices for administration of substanc^ into 

the skin. 

BACKGROUND OF THE INVENTION 
Conventional needles have long been used to deliver drugs and other substances to humans 

10 and animals through the skin, and considerable effort has been made to achieve reprcducible and 
efficacious delivery through the skin while reducing or eliminating the pain assccrated with 
conventional needles. Certain transdermal deliver/ systems eliminate needles entirely, and rely on 
chemical mediators or external driving forces such as icntophoratic currents or scncphcresis to 
breach the stratum corneum painlessly and deliver substances through the skin. However, such 

15 transdermal delivery systems are not sufficiently reprcducbie and give variabie ciinical results. 

Mechanical breach of the stratum corneum is still believed to be the most reprcducible 
method of administration of substances through the skin, and it provides the greatest degree of 
control and reliability. Intramuscular (IM) and subcutaneous (SC) injections are the most commonly 
used routes of administration. The dermis lies beneath the stratum corneum and epidermis, 

20 beginning at a depth of about 50-120 um beicw the skin surface in humans, and is apprcxim.ately 1- 
2 mm thick. However, intradermal (ID) injection is rarely used due to the difficulty of correct needle 
placement in the intradermal space, the difficulty of maintaining placement of the needle in the 
intradennal space, and a lack of information and knowledge of the pharmacokinetic profiles for 
many drugs delivered ID. In addition, little is !<nown about fluid absorption limits in dermal tissue 

23 and the effect of depot time on drug stability. However, ID administration of drugs and other 
substances may have several advantages, The intradermal space is close to the capillary bed to 
allow for absorption and systemic distribution of the substance but is above the peripheral nen/e net 
which may reduce or eliminate injection pain. In addition, there are more suitable and accessible ID 
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depth of penetration of the microneedles nor do they report any results suggesting a clinically useful 
glucose response using this method of administration. Further, there is no evidence of accurate or 
reproducible volume of deliver/ using such a device. WO 99/64S80 suggests that substances" may 
be delivered into skin via microneedles at clinically relevant rates. However, it fails to appreciate 
5 that dinical efRcac/ is dependent upon both accurate, quantitative, and reproducible delivery of a 
volume or mass of drug substance and the pharmacokinetic uptake and distribution of that 
substance from the dermal tissue. 

SUMIV1ARY OF THE INVENTTQN 
10 The present invention improves the clinical utility of ID delivery of drugs and other 

substances to humans or animals. The methods employ smail gauge needles, espedaily 
microneedles, placed in the intradermal space to deliver the substancs to the tntrademnal space as a 
bolus or by infusion. It has been discovered that the placement of the needle outiet within the skin 
is critical for efficacious deliver/ of active substances via small gauge needles to prevent leakage of 

15 the substance out of the skin and to improve absorption within the intradennal space. ID infusion is 
a preferred method for delivery according to the invention because lower deliver/ pressures are 
required. This also reduces the amount of substance lost to the skin surface due to internal 
pressure which increases as fluid accumulates within the skin prior to absorption. That is, infusion 
minimizes effusion of the substance out of the tissue. Infusion also tends to reduce painful swelling 

20 and tissue distension and to reduce internal pressure as compared to the corresponding bolus dose. 
The phanTiacokinetics of honmone drugs delivered according to the methods of the invention have 
been found to be very similar to the pharmacokinetics of conventional SC delivery of the drug, 
indicating that ID administration according to the methods of the invention is likely to produce a 
similar clinical result (i.e., similar efficac/) with the advantage of reduction or elimination of pain for 

25 tiie patient Deliver/ devices which place the needle outiet at an appropriate depth in the 
intradermal space and control the volume and rate of fluid deliver/ provide accurate deliver/ of the 
substance to the desired location without leakage. 



•3- 



wo 02/02178 PCTAJSOl/20763 

manually by the practitioner, with or without the assistance of indicator means to indicate when the 
desired depth is reached. Preferably, however, the device has structural means fcr limiting skin 
penetration to the depth of the intradermal space. Such structural means may include limiting the 
length of the needle or catheter available for penetration so that it is no longer than the depth of the 
5 Intradermal space. This is most typically accomplished by means of a widened area or ''hub" 
associated with the shaft of the needle, or for needle arrays may take the form of a backing 
structure or platform to which the needles are attached (see, for example, US Patent 5,879,326; WO 
96/37155; WO 96/37256). Miaoneedles are particularly well suited for this purpose, as the length 
of the microneedle is easily varied during the fabrication process and microneedles are routinely 
10 produced in less than 1 mm lengths. Microneedles are also very sharp and of ver/ small gauge 
(typically about 33 gauge or less) to further reduce pain and other sensation during the injection or 
infusion. They may be used in the invention as individual single-lumen microneedles or muldpie 
microneedles may be assembled or rabricated in linear arrays or b;vo-dimensional arrays to inaease 
the rate of deliver/ or the amount of substance delivered in a given period of time. Microneedles 

15 may be incorporated into a variety of devices such as holders and housings whicn may also serve to 
limit the depth of penetration or into catheter sets. The devices of the invention may also 
incorporate reservoirs to contain the substance prior to deliver/ or pumps or other means for 
delivering the drug or other substance under pressure. Alternatively, the device housing the 
miconeedles may be linked exte,mally to such additional components. 

20 It has been found that certain features of the intradermal administration protocol are 

essential for clinically useful pharmacokinetics and dose accurac/. Rrst, it has been found that 
placement of the needle outlet within the skin significantly affects these parameters. The cutlet of 
a smaller gauge needles with a bevel has a relatively large exposed height (the vertical "rise" of the 
outlet). Although the needle tip may be placed at the desired depth within the intradermal space, 

25 the large exposed height of the needle outlet allows the substance being delivered to be deposited 
at a much shallower depth nearer the skin surt^ce. As a result, the substance tends to effuse out of 
the skin iue to backpressure exerted by the skfn itself and to pressure built up from accjmuiating 
fluid from the injection or infusion. For example, 200 um microneedles are often dted as suitable 
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of the skin. The appropriate delivery rates and volumes tD obtain these effects for a selected 
substance may be determined experimentally using only ordinar/ skill. That is^ in general the size of 
the weal increases with increasing rate of delivery for infusion and inaeases with increasing volume 
for bolus injection. However, the size and number of miaoneedles and how closely together they 
5 are placed can be adjusted to maintain a desired deliver/ rate or delivery volume without adverse 
effects on the skin or the stability of the needle in the skin. For example, increasing the spacing 
between the needles of a microneedle array device or using smaller diameter needles reduces the 
pressure build-up from unabsorbed fluid in the skin. Such pressure causes weals and pushes the 
needle out of the skin. Small diameter and increased spacing between multiple needles also allows 
10 more rapid absorption at increased rates of deliver/ or for larger volumes. In addition, we have 
found that ID infusion or Injection often provides higher plasma levels of drug than conventional SC 
administration, particularly for drugs which are susceptible to In vivo degradation or clearance. This 
may, in some cases, allow for smaller doses of die substance to be administered tiirough 
mic-oneedles via the ID route, further reducing concerns about blistering and backpressure. 
L5 The administration methods contemplated by the invention include both bolus and infusion 

delivery of drugs and other substances to human or animal subjects. A bolus dose is a single dose 
delivered in a single volume unit over a relatively brief time period, typically less than about S-10 
min. Infusion administration comprises administering a fluid at a selected rate (which may be 
constant or variable) over a relatively more extended time period, typically greater than about 5-10 
:0 min. To deliver a substance according to the invention, tiie needle is placed in the intradermal 
space and die substance is delivered through die lumen of tiie needle into the intradermal space 
where it can act locally or be absorbed by the bloodstream and distributed system/cally. The needle 
may be connected to a reservoir containing die substance to be delivered. Delivery from Uie 
reservoir into the intradermal space may occur eitiier passively (without application of external 
5 pressure to tiie substance to be delivered) or actively (witii the application of pressure). Examples 
of preferred pressure^generating means include pumps, syringes, elastomeric membranes, osmoti'c 
pressure or Selleviile springs or washers. See, for example, US Patent No. 5,957,895; US Patent No. 
5,250,023; WO 96/17648; WO 98/11937; WO 99/03521. If desired, tiie rate of deliver/ of tiie 
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via the conventional SC route- The decrease in blood glucose response is also similar between the 
two. Although 9 U/hr. is a higher administration rate than is typically used medically, these results 
also demonstrate the ability of dermal tissues to readily absorb and distribute medicaments which 
are infused via this pathway. 
5 A similar experiment was conducted using human parathyroid homione 1-34 (PTH). PTH 

was infused for a 4 hr. period, followed by a 2 hr. clearance. How rates were controlled by a 
Harvard syringe pump. Control SC infusion was through a standard 31 gauge needle inseri:ed into 
the SC space lateral to the skin using a '*pinch-up" technique. ID Infusion was through the bent 30 
gauge needle described above. A 0.64 mg/mL PTH solution was infused at a rate of 75 .ul/hr. 
10 Weight nonmalized PTH plasma levels are shown in Rg, 3. This data demonstrates the efRcac/ of 
this route of administration for additional hormone drugs, and indicates that ID infusion may actually 
provide higher plasma levels for drugs that are susceptible to In vivo biological degradation or 
clearance. 

15 EXAMPLE 2 

ID Insulin deilyer/ was demonstrated in swine using a hollow silicon microneedle connected 
to a standard catheter. The catheter was attached to a MiniMed 507 insulin pump for control of fluid 
delivery. 

A hollow, single-lumen microneedle (2 mm total length and 200 X 100 .am OD, 
20 corresponding to about 33 gauge) with an outlet 1.0 um From the tip ( 100 gm exposed height) was 
fabricated using processes known in the art (US Patent No. 5,928,207) and mated to a microbore 
catheter commonly used for insulin infusion (DIsetrcnic). The distal end of the microneedle was 
placed into the plastic catheter and cemented in place witn apoxy resin to fomi a depth-iimiting hub. 
The needle outlet was positioned approximately 1 mm beyond the epoxy hub, thus limiting 
25 penetration of the needle outiet into the skin to approximately 1 mm., which corresponds to the 
depth of the intradermal space in swine. The patenc/ of the fluid flow path was conrlnmed by visual 
observation, and no obstructions were observed at pressures generated by a standard 1 cc syringe. 
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WHAT IS CLAIMED IS: 

1. A method for delivering a substance into skin comprising delivering the substance into an 
intradermal space within the skin through a small gauge needle Inserted into the intrademial 
space, wherein an outlet of the needle is inserted at a depth wrthin the skin such that 
leakage of the substance to the surface of the skin is substantially prevented. 

2. The method of Claim 1 wherein the needle is selected from the group consisting of 
microneedles; catheter needles, and injection needles. 

3. The mediod of Claim 1 wherein a single needle is inserted. 

4. The method of Claim 1 wherein multiple needles are inserted. 

3. TTie method of Claim 1 wherein the substance is a liquid delivered by pressure direcdy on 
the liquid. 

6. The method of Claim 1 wherein a hormone is delivered. 

7. Tne method of Claim 5 wherein the honmone is selected from the group consisting of insulin 
and FTH. 

8. The method of Claim 1 wherein the substance is infused. 

9. The method of Claim 1 wherein the substance is injected as a bolus. 

10. The method of Claim 1 wherein the needle is about 300 ixm to 2 mm long. 
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21. The needle of daim 20 which is about 500 ^im to 1 mm long. 

22. The needle of Qaim 17 which is contained in a device comprising a reservoir in fluid 
communication with the needle. 

23. The needle of Qaim 22 which is contained in a device further comprising pressure- 
generating means for delivering the substance through the needle. 

24. The needle of Qaim 23 wherein the pressure-generating means provides variable control of 
substance delivery rate. 
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